Microbial transformation of chalcone (1), 4-hydroxychalcone (2) and 4'-hydroxychalcone (3), 1,1-diphenylmethane (4), 1,3-diphenylacetone (5), 1,3-diphenylpropane (6), bibenzyl (7), (E)-stilbene (8a)-and (Z)-stilbenes (8b), and phenylcyclohexane (9), (1R,2S)-1-phenyl-2-hydroxycyclohexane (9a) and (1S,2R)-1-phenyl-2-hydroxycyclohexane (9b), and a naturally occurring bis-bibenzyl, marchantin A (10) were performed by using Aspergillus niger TBUYN-2 and the other Aspergillus strains, and Neurospora crassa which were capable to hydrogenation and epoxidation of a conjugated double bond, and direct hydroxylation and hydroperoxidation on benzene ring, and hydroxylation and carbonization on cyclohexane ring. Aspergillus species converted chalcone (1) to dihydrochalcone (1a) almost quantitatively.
In the course of the investigation of microbial transformation of plant secondary metabolites, the industrial scale of production of nootkatone, the most important and expensive aromatic of grapefruit was achieved. A sesquiterpene hydrocarbon (+)-valencene, which is cheaply obtained from Valencia orange, was biotransformed by the green algae Chlorella and the fungus Mucor species to give nootkatone in high yield [1] . We are continuing to study on the introduction of hydroxyl and ketone functionality on an aromatic or cycloaliphatic ring, respectively to obtain functional substances [2] .
Aspergillus
(Trichocomaceae) and Neurospora species (Sordariaceae) are the filamentous fungi capable to performing hydroxylation, epoxidation and hydrogenation of mono-and sesquiand diterpenoids, and their related compounds [2, 3] . Continuing our interest in microbiological transformation of aromatic compounds, herein, we report the biotransformation of thirteen aromatic compounds by two fungus species, Aspergillus and Neurospora and the structures of each metabolite.
Biotransformation of chalcone (1):
Chalcones are abundantly found in edible plants, biosynthetically produced through shikimate pathway and considered to be precursors of flavonoids. Structurally, chalcones are α,β-unsaturated ketones consisting of two aromatic rings linked by three carbons. Biotransformation of compounds possessing α,β-unsaturated carbonyl group such as chalcones have gained growing interest recently and has been utilized as a method to produce food sweetener derivatives [4] . described above. Each cultured broth was filtered and the resulting broth and the mycelium were extracted with ether and ethyl acetate. The average ration of (%, w/w) of the former and the latter extracts of the cultured broth and those of mycelium was 1:1:97:1, respectively. The metabolite was specifically accumulated in the mycelium of A. niger TBUYN-2. The both extracts were applied to GC/MS to check the metabolite productions, followed by chromatography to furnish only one compound as crystals in 95% isolated yield which was identical to dihydrochalcone (1a) ( Figure  1 ) by the analysis of IR, NMR, and GC/MS [5] . The substrate amount could be scaled up to 25 g/200 mL medium. The other Aspergillus strains also converted chalcone (1) to dihydrochalcone (1a) almost quantitatively. Compound 1 was smoothly hydrogenated the enone C=C bond producing dihydrochalcone (1a), however, any direct hydroxylation on benzene ring and reduction of a ketone did not occur in all of Aspergillus strains [5].
A. niger
Biotransformation of 4-hydroxychalcone (2) and 4'-hydroxychalcone (3): 4-Hydroxychalcone (2) (500 mg) and 4'-hydroxychalcone (3) (100 mg) were incubated for 7 days, and after treatment in the same manner as described above to give 4-dihydrochalcone (2a) [6] and 3,4-dihydroxydihydrochalcone (2b) [7] , and 4'-hydroxydihydrocalcone (3a) [8] and 3',4'-dihydroxydihydrochalcone (3b) [9] , respectively. The proposed metabolic pathway of 1-3 by A. niger was illustrated in Figure 1 . Hydroxydihydrochalcones, 2a and 2b and dihydroxydihydro-chalcone, 3a and 3b were previously synthesized chemically. Thus, these finding may help in saving the environment since these and following biotransformation of each substrate are an eco-friendly method and very cheap without any hazard.
Biotransformation of the other aromatic compounds (4-9):
The biotransformation of the other aromatic compounds (4-9) was carried out by the same method as shown in chalcone. Aspergillus strain and Neurospora crassa were fed with 100-150 mg of each substrate. 1,3-Diphenylacetone (5), 1,3-Diphenylpropane (6) and Bibenzyl (7): Compound 5 was biotransformed by A. niger TBUYN-2 to give (+)-1,3-diphenyl-1-hydroxyacetone (5a) in 11.4% yield. The absolute configuration at C-1 was confirmed to be S by modified Mosher's method [5] . Compound (6) was treated in the same manner as described above to afford 1,3-diphenySl-2-propanol (6a) and dibenzoyl methane (6b) along with 7 unidentified products [5] . The same fungus converted bibenzyl (7) to benzylbenzophenone (7a), benzil (7b) and 4-hydroxybibenzyl (7c) [5] . (E)-Stilbene (8a) and (Z)-stilbene (8b): (Figure 4 ) (E)-Stilbene (8a) was found in Alnus sieboldiana as a natural product with two stilbene derivatives [10] . (E)-Stilbene was biotrasformed by A. niger TBUYN-2 to give 4-hydroxy-(8e) as a major product, together with 2-hydroxy-(8c) and. 3-hydroxy-(E)-stilbenes (8d) Each monohydroxy-(E)-stilbene were further oxidized to 2,4'-dihydroxy-(8f) and 3,4'-dihydroxy-(E)-stilbene (8g) [11] .
1,1-Diphenylmethane (4):
(Z)-Stilbene (8b) was treated in the same manner as described above to yield many metabolites, 1,2-epoxy-cis-stilbene (8h), 1,2-epoxy-trans-stilbene (8i), from both of which 1-hydroxybenzylphenone (8j), which was further oxidized to benzil (7b), In addition, 2-hydroxy-(8k), 3-hydroxy-(8l)-and 4-hydroxy-(Z)-stilbene (8m), 2,4'-dihydroxy-(8n), 3,4'-dihydroxy-(Z)-stilbenes (8o) were detected as minor metabolites. Cis-and transstilbene epoxide (8h and 8k) were independently treated by A. niger TBUYN-2 to afford the same metabolites 8j and 7b as seen in the biotransformation of cis-stilbene. In figure 4 , the proposed metabolic pathways of (E)-and (Z)-stilbenes as well as cis-and trans-stilbene epoxides is shown [11] .. (9), (1R,2S)-1-phenyl-2-hydroxycyclohexane  (9a) and (1S,2R)-1-phenyl-2-hydroxycyclohexane (9b) , and 4-phenylphenylcyclhexanone(9f): We reported the biotransformation of cuparene-and herbertane-type sesquiterpenoids possessing phenylcyclopentane skeleton by Aspergillus niger. In this case, not only carboxylation of aryl methyl but also hydroxylation and carbonization of a cyclopentane ring were observed [2]. Comparing of the above phenomenon, the biotransformation of the commercially available phenylcyclohexane (9a) was carried out by A. niger TBUYN-2 and N. crass F40. Both fungi gave 4-trans-(9d) and cis-1-pheny-4-hydroxylcyclohexes (9e) (1:1 mixture) and 4-phenylcyclohexanone (9f) as a minor product. The mixture of compounds 9d and 9e showed one peak on GC, while, on TLC, both compounds showed two well separated spots. Column chromatography of the mixture on silica gel furnished a single crystal (9d) which was analyzed by X-ray crystallography to establish its stereochemistry. 4-Phenylcyclohexanoe (9f) was also treated by A. niger TBUYN-2 to give compounds 9d and 9e (1:1). Further treatment of commercially available racemic (1R,2S)-1-phenyl-2-hydroxycyclohexane (9b) and (1S,2R)-1-phenyl-2-hydroxycyclohexane (9c) afforded (1R,2S)-1-phenyl-2-hydroxycyclohexane (9b) and (1S,2R)-1-phenyl-1-2ydroxycyclohexane (9c) by the same fungus gave (1R,2S,4S)-1-phenyl-2,4-hydroxycyclohexane (9g) and (1S,2R,3R)-1-phenyl-2,4-hydroxylcyclohexanel (9h) as colorless crystals which were analyzed by X-ray crystallography to establish their structures [11] .
Phenylcyclohexane
From three substrates, the direct introduction of a hydroxyl group on benzene ring was not observed and only hydroxylation and carbonization on cyclohexane ring occurred. This phenomenon is the same as that observed in the phenylcyclopentane natural sesquiterpene hydrocarbons [2]. (9), (1R,2S)-1-phenyl-2-hydroxycyclohexane (9a) and (1S,2R)-1-phenyl-2-hydroxycyclohexane (9b), and 4-phenylcyclhexanone (9f).
Biotransformation of marchantin A (10):
The liverwort, Marchantia polymorpha produces naturally rare bis-bibenzyl, marchantin A (MA) (10) as the predominant component together with its derivatives, marchantins B-G [13] . MA possesses various biological activity such as antimicrobial, antifungal, muscle relaxing, and several enzyme inhibitory activity. In order to obtain the different active products from MA, MA (10) was converted by two fungi, A. niger TBUYN-2 and Neurospora crassa, respectively to afford 10-hydroxymarchantin A (10a) and two hydroperoxy products, 3'-hydroperoxymarchantin A (10b) and 5'-hydroperoxymarchantin A (10C), respectively. The position of the newly introduced a hydroxy and a hydroperoxy group were confirmed by 1 H NMR and high resolution mass spectrometry, to lead the correct structures. A. niger and N. crassa showed the regiospecificity for the addition of an oxygen to B-and C-rings [5b]. 
Experimental
In this study, Aspergillus strains showed 1) hydrogenation of a conjugated double bond, 2) hydroxylation on benzene ring, 3) hydroxylation at allylic methylene and homoallylic methylene 4) dehydrogenation of the aliphatic secondary hydroxy group to keto group, 5) epoxidation of double bond and 6) carbonization of benzyl methylene. N. crassa introduced hydroperoxy group on a benzene ring. The structures of all of the metabolites were identified by the analysis of 2D NMR, high resolution MS and GC/MS and MS library [14] and/or X-ray crystallography. The biological activities of the major metabolites are under progress. o C for 3 days. After full growth of microorganisms, each substrates (100 mg-25g) were incubated with each microorganism. The cultured medium was left for cultivation for 7 days under the same condition.
Analytical method:
The biotransformation processes of each substrate were monitored by means of TLC. Analytical TLC was carried out on aluminium silica sheet gel 60F 254 (MERCK). Chromatograms were developed using hexane/ether mixture (4:1 v/v) as the developing solvent. The presence of compounds were detected by visualization under the UV light (254nm) and spraying the TLC sheet with 30% H 2 SO 4 solution. Portions of 2 mL of the transformation mixture were taken out and extracted with the ether (3 x 5 mL). The mixture were passed through Extrelut-column (MERCK, NT20, CAS No. 68855-54-9), to remove the moisture and the concentrated extracts were monitored using TLC and also analyzed by GC/MS. Analytical condition of GC/MS was the same as that reported previously [14] .
A large scale biotransformation: The preparative biotransformation were carried out by multiplying the previously optimized procedures by five times involving a total of 200 mL to one liter of cultivated media and 500 mg to 25 g of the substrate. The cultures were incubated under the same conditions as mentioned above and after the incubation period, the mixtures were separated using Buchner funnel to separate mycelium from the cultivation medium. The mass of the mycelium and the pH of the media were recorded. Both mycelium and media were extracted with ether (5 x 200 mL), dried over MgSO 4 and concentrated under pressure. The biotransformation products were separated using column chromatography and analyzed using TLC, and GCMS and HRMS and the 1 H, 13 C and correlations were recorded using 600 MHz NMR in CDCl 3 .
Biotransformation of substrates (1-3):
According to the large scale procedure, 10 to 25 g of chalcone (1) was fed with A. niger strains, for example A. niger TBUYN-2, to give dihydrochalcone (1b) as crystals in 95% isolated yield.
4-Hydroxy-(2) and 4'-hydroxychalcones (3) (each 500 mg) were treated in the same manner as described above to give 4-hydroxydihydrochacone (2a, 55%) and 3,4-dihydroxydihydrochalcone (2b, 19.4%), and 4'-hydroxydihydrochalcone (3a, 47%) and 3',4'-dihydroxydihydrochalcone (3b, 11.4%), respectively.
Biotransformation of diphenylmethane (4), 1,3-diphenylacetone (5), 1,3-diphenylpropane (6), bibenzyl (7), (E)-(8a) and (Z)-stilbenes (8b): Compounds 4 (133 mg), 5 (109 mg), 6 (100mg), 7 (102 mg), 8a and 8b (100-120 mg) were added in the same medium cultured four 3 days and successively cultured for 7 days. The isolated yields of each metabolite from each substrate were estimated to be 5-25%.
